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STUDIES CF PCLYMER ASSOCIATION IN MIX®D 30OLVENTSQ

oy

Riad H. Gebran and Herbert Morawetz
Instituts of Polymer Research, Polyteshnic Institute of Brooklyn

Asgoclation of gmall molecules and of polymers,

Molecular essociation in solution is u fairly common phenom-
enon, but accurate Asta about the equilibria have heen obtained
in comparatively few caseg, The Aimerization of carboxylic acids
in non-polar soivonts has probably heen studied most extensively,
and an eoxhaustive summary of the results was'published rocqntlyl.

Th~ asscclation of hydrnxylic corpourds 1s somewnat weaker, but
thr “iuerization equilibrium can be studied conveniently by
cryoscopic measurementsz.

Whila the above associestions dep=nd on nydrogen bonding, the
assnciation complex betw=en e,g. anthracene and trinitrobenzene ‘
1s Aue to the polarization of electrons in the aromstic ring
system by the dipoles of the nitro groups’. Of a Aifferent type
is the widespread occurrence of micelles containing a critical |
number of ions associated in a ringle kinetic unit existing in
equilibrium with wolaculerly dispersed ions,

Jt 1s not surprising, that th- game forces responsible for
the mranciation of small molecules produce alsec associstion
eomnlexea nf nolymera. Thir arnounts for the Aspendenanr of the
osmotic or light scattering molecular weights of some polymers

on snlv~nt medium and tnmpnrnturnu'5’6 . In the case nf polyvinyl
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chloride, there is undoubtedly a close relationship between its
molacular assnciation and the remarksble mechanical propertiesg
7 iy I, L S C e o 7
O ©ri= pirasciélizen pOLymRr .
The surprising feature of thege polymer assncistions is
th~ apparent e¢onstancy in the sizs ~f the moleculsr agegregaiasg

over a wide pange nf snlution cconcentrat

'-b

g
o i3--%th

th= polymer aggregates behave 1l4iks s =p micelles, with the

"eritical micelle coneentration" (i.-. iLbhe concentration of

incipient mieceli~ formsatinn) epperen: wa2ll b=low the lowest

concentration at which namnt

Lizni scatiering

Zise nate SR

r

st

measurements are feasible. Th= form:...on of micelles has heen
Intarpreted convineingly by Debye's thoorya as dus to the Van
der Waals forces, whichk faveor the clustering of the hydrophchic
"teils" of the soap ions anA the increasinz electrostatic work
required to add a furthor unit to » growing micelle. Th> Proe
en~rgy of the system goes through » sharp minimum far a oiven
number of ions associst=d in th- micelles, and this explains
the narrow Aistrihution of th~ir sizes. It is obvious, thet
this gen~rel r=ssoning is inapplicshle, for example, to the

asanclation nf peolystyvrene contoining s f=uw nydroxyl groups
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uon~ snlu i or A meth; - tHhAaGE] c=m~athacrylic scid

copnlymer in hengene,

piRuericel sppremates

To 1llustrate the problem, let us assure thot a flexihle
c2il melecule conteoiring = large nuither of carboxyl groups may

Y2 repregented by a sphere, with 2ll ceerboxyls in the intarior

- 2 -
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of the sphrore dimerized by

N\

‘OHe===0

and only the carhboxyls on the surface of the coil in the free
state. When the pnlyamers assocliete, the aggregate is assumed
tn he again spharical, with the same density as that of the
unasgnciated macromclecule. For D molecules forming an eggrc-
gat~, the surface arer of the complex will be D2/3 times the
surface of en 18nleted coill, and th~ rurfece arem per macro-

173

mnolecule will he chaner? by a factor D7 Thus, ¢ H 43

txtw]

tha enthalpy of the unagsnciated nolymer mclecules, the

Anpendence of enthalny H mn tha Aamen- 508 L o5001a0000 T i
given hy
24 Ha D _l&/q
o=~ T (1)

According to the Flory-Huggins nhnnry9’lo the entropy of

nmixing of polymer and solvent 1s given approximntely by
AS = -R .{Nllnﬁl + Nalnﬁej (2)

wher2 R 13 the gas crnatant, N the number cof molecules, § the
volume fraction, the indices 1 rnd 2 referving to sclvent and
pclymer raspectiv2ly.  As the polymer forms aggregetes, the
volum> frections remain fixed but the rumbhsr ~f indenandent
polymer particles decrenses, s» that

= N
A4S = R lkNllnél + 53 lnf;:} (3)

-———— - e py———p
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and the entropy change with degree of asscciation is
as/2>D = RNglnggD 2 (&)

The ratn of change of free energy with degree of

asgociation is then given oy

, =&/ -2
.?;_g. - _315(-;;.?3) = - 48 573 _RTN,1ng,D (5)

For associstion to occur, 2 FA must be negative for D =1

o/

or,
-;19 > - RTNylngs (6)

It is apparent, that 'DF/zD will then be negative
for all values of D D1, Thus the model used leads to the

€

cnclusion, tnat once started, polymar asscciation will

(@]

cntinue without limit, i,e, to gelation of the systen,

"Pearl necklace model® of polymer aggregates.

This conclusicn is clearly contrary to experimental
evidence, which indicates tnua® elthourgh geintion mey ccour
below a oritical temperature, above this temperature the
polymers associate to complexes of e gige 3dctarminad by tempera-

ture and golvent medium, but insensitive to coneen stion, This

bahavior can only be Axplein~d by assuming, that due tc steric
factors and intramoleculer eggncistion, the "affective
functionality” ol the polymers, {,8,, the mean number of groups
AvAllabl- fcr inter-moleculer associestion, is smaller than 2.

The model of the agsociation complex ona:. then be represented

-4 -




aschrmatically as follows:

O-OCOC0O0

Th= two terminel wolacules are linked tn one neighbor,
while all others are linked twice. The mean effective func-

tionality f5 1s relatred to the number of molecules in the com-

plex Dy by
2+2(Dy-2) Da=-1
= . ) ce—
t\') DO - DO (7)

It can easily be verified, that the same result is
obtained 1f the aggregate has a brancheod gtructure, provided

only thet no closged loops arn prosant,

If = Lowis bag~ is added ¢tn th~ s~luticn of a polymer
conteining carboxyl @roups, a cortain fraction nf th~ carboxyls
will aggnciert~ with the bess snd the number of groups available

for inter-~pnlymer agssccintion will decreerga, This will cause

& reductinn in the annanant mal-~eulnr wrichd Af th- valvym=r

The eegccintion ~quilibrium of acid A and bes~ B i3 given by

T_%A g = K (8)

eand the ratin of th~ total conc=antreation -f acid groups to the

concentration of acid groups remaining freo in the presence cf

+ -
L&&LHY(A). 1 + K(B) (9)

It 18 reasonable teo postulete, that the effective

add~d bas~ 1is

funo ionality £ ~f the polymer in a sclutisn ennteining bass

Shche

4
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will bear the game relntion to the functionality £ 1in the
absence of btage as th» concentration cf acid groups unassociat-
ed with th- bage to the total ascid group concentration, Utiliz-

-

AY 4 N
{ ana \y)

fo _Do-1 , D _ (AB)+(A)

rale ey Do () = 1 + K(B) (20)

Thus, th~ dependence of the Aegree of agsociation on
the concentraticn of added base shnuld yield informatinn from

which the assceiatinn amngtent K onn 5~ calculated.,

pxperimentel Results

In 2 previcus publication the maolecular a’gneintinng
were investisnt=8 for mixtureg nf m-thyl methacrylete copolymers
with methecrylic acid =nd Aimethylamiro~thyl methacrylete,
rnsp@ctivnlyll. It wns found, thet associntion of the aciAd
copolymer competag stroncly with the carboxyl-amine intep-
action, Alsc, the importance of sPny carboxyl essociation with
the e~ster groups of the copolymers was quite uncertain.

To determine the relative contributions of the
Aifferent types cf assacicticon ¢t~ the formstion »f the pclymer
aggregrtes, the apparent nsmotic mnlecular weight «f a m~thyl
methacrylate-methacrylic acid cnpelymer 4in benzene sclution was
mersured oz o function of adies dimethylaminoethyl acetats
(DAEA), ~thyl acetate, acetic n2i? an? butanone, The copclymer
containe,d 4,9 mole 4 mothaorylic acid (A~termined by titration

with scfium athoxid> in 90 v~rlume % benzen»s and 10 volume %

-6 -
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wtnunol) ond jUR numoer average molecular weight (measured in
pyridine _oluiinm, waere pnlymer asgsnciation cannot take plhace)
was 3%,50.. Th~ 08SmMOTIC prassurs meacuremoents ware oarried out

11 At a temperature of 29.8°C, In

as degerit-d previously
benzens zoiutinn, the degrees of aggociotion D, wos isund o be
6.86.

Th~ results cbtain~ed ar~ ligted 4n Table 1 anAd
Plotted in Figure 1l. Dimethylaminoerthyl acetate an” r~thyl
ecetate addition r«duce’d the deppea of agsociz2tinn Af the
polymepr in the expecterd mgnn~r, an? ths slopes of the plokts of
(D~A=1)D/(D-1)D~ azainst (B) lead to assncirtion constants of
86 Liters/mole an?® 6,7 liters/mole respectively, Butenorne was
ralatively in>fficient in reducing the Aegpree nf polymer
assoclAaticn, thirty tim~s as much of i1t being ragulred to
product th~o same effeect Aas mothyl acetete., While the ~gter
carbonyl would be ~xpected to b> more bagslc than the carbanyl
cf th~ lk~tone, the masnitusd~ ~f this differencas is surprising,

Th~ intarpretaticn of Aata cbtained in :cluticns t-
which acetic aci?® was added 18 more complex, The aci? is
largely AimerizeAd, but the menomeric form 43 chiefly r~spons-
ible for sany inteprerction with the prlymer, Th~ Aigssocierticn
comstant of =2c2tic acid Aim~r in bonzene at 29,8°C, was
astimatrd from publishes Aptnl? o be 6.6 ¥ 10~} moles/liter,
Aand the values nf (B) us~3 in. Plgare 1 rofer t~ the calculated
conecentraticns A the monomeric acid, It cAan be seen that the

plot cf (Pn~1)D/(D-1)D, Aagainst (R) is strcengly curved in this

-7 -




casre, This 18 ascribed to the fact, that th~ mrnomeric acetlice
acid associntes both with carboxyl on? with egter groups of
thq.pwlym@r. In addstion, thoe possibility cannct bn axoludz?
thnt there 12 gnme hydrngen bondineg of carboxyl with the
agcohLic acit mimer,
Conaluston
It 18 concluded, that 4n the aci? copnlymer us~d in

thi=s an? the previcus 1nvostiwntinnll most of che agpregation

1s Au~ tc carboxyleester associrticn., Also, since the carboxyl-

amine assoclincion constent 1s only 13 timnesg a3 high as tne
assocletion crnstent of carboxyl with egter | roups, a msath-
acrylate cnpolymer ccntaining 5 mole % of amin~ zroups wruld
owe som~whet more of its associ~tiosn with » ¢ ~ooxylic polym-r
to carbexyl-ester than to carboxyl-z2mine int-racticr, Thr
methcd n~utlined 1s belisvedl to be 2 useful tonl in determining

2 variety of asscclstion constants, with a2 passibl~ braring

an the theory -f pelyvacr sclubility and plasticizatiﬁnla.

-8 -




( TABLE 1.

Asgociation of mothyl mothagprylete-methacrylic acid copolymep
| in bepgzen-: at 20,89C, in the ppreasonce of varicug 2331t4vog,
Dozl D
additive (B) D D-1 D,
DAEA 0,0062 3.62 1.18
DAEA 0.0124 1.82 1.89
DAEA 0,0186 1.52 2.50
DAEA 0.0310 1.30 3.70
Methyl acetate 0,012 5.5 1,04
Merthy) ncetate 0.021 L,22 1.12
Methyl agntate 0.042 2.G8 1.28
Butanone 0.553 L, 23 1.12
Acetic AOlﬁ(*) 0.0213 5.96 1-0?
| Ace,tic AciAd ¢,0303 3.84 1.15
] Acetic ‘Cia 0.0"75 2.Q0 1.30
Asatic 4aei? 0.0480 1.44 2.80

(=)
Concantretions in m nomeric
A aostic aciid,

P P s oy -

-
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EFFECT OF ADDITIVES ON THE DEGREE OF ASSOCIATION
OF METHYL METHACRYLATE- METHACRYLIC ACID CO-
POLYMER IN BENZENE.

{CH3); NC,H4OCOCH,
P CH,COOH
]
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]
’
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